ABSTRACT.-Methods were developed that permit the long-term laboratory maintenance of large numbers of Glossophaga soricina. Animals were housed in bipartite cages with darkened roosting boxes, and served a fortified diet containing peach nectar as a palatable base. The methods were conducive to continued repro ductive activity by the animals in captivity.
Each cage seemed to be most suitable for about 20 bats, although up to 30 were kept in some for intervals of several months and suffered no apparent ill effects.
Under normal circumstances, animals chose to spend the day in the darkened roosting boxes. When individuals had to be captured for experimental procedures, the lower door to the roosting box was opened and a piece of plexiglass with an arm hole hung in its place. Animals could then be frightened out of the box by a combination of arm movements and the light from a flashlight. With the passage between the two portions of the cage subse quent l y blocked, individuals were readily caught in the feeding area with a large, soft pocketed, aquarium net.
When small numbers of animals were housed in a cage, all could be chased into the feeding area at one time and, after the completion of required procedures, released directly back into the roosting box. However, considerable turmoil usually resulted when this procedure was attempted with more than about 10 bats in one cage. In such cases, bats were placed temporarily in a wood and wire holding cage ( Fig. lB) . This holding cage later could be hooked onto the open front of the regular cage and a sliding door opened to permit escape of the animals. Any hesitant individuals would quickly leave the darkened holding cage after its roof covering was removed and light was permitted to enter.
LABORATORY DmT
It is widely believed that G. soricina is primarily nectarivorous and frugivorous and has accordingly been fed diets of this type in captivity ( Rasweiler, 1973 1961; Villa-R., 1966). Insects and pollen could be making a major contribution to the protein, fat, vitamin, and mineral levels of the natural diet ( Rasweiler, 1973) , and their consumption may in fact be obligatory from a nutritional standpoint. In view of the foregoing, the peach nectar suggested as food for G. soricina by Novick ( personal com munication) was heavily fortified with a modification of the zoo diet "A-1" devised by Ratcliff ( 1966) .
During the first year, several modifications were made in the diet in an attempt to improve its palatability and probable nutritional value to the animals ( Tables 1, 4, 5). Diet XI represents the final, recommended formulation.
The mineral supplement was added to correct for possible deficiencies in the diet as detected by mass spectroscopic analysis ( Rasweiler, 1970) and was composed of the ingredients listed in Table 2 .
To facilitate suspension in the liquid diet, the cereal and wheat germ were reduced to a fine powder by passage through a Hobart Kitchen Aid Coffee Mill ( The Hobart Manu facturing Co., Troy, Ohio) prior to their mixture with the other dry components. The dry mixture was then stored at 4°C until use.
The composition of the com oil mixture, containing polyoxyethylene sorbitan mono oleate as an emulsifier and isopentylacetate as a flavoring agent, is listed in Table 3 . This was stored at 4°C until use.
The final diet consisting of peach nectar, powdered premix, and the com oil mixture was prepared freshly each day in an electric blender and served to the bats in shallow dishes. The latter were placed in the cages 1 to 2 hours prior to extinction of the lights and were removed the following morning. The amount offered per bat per day was approximately 24 milliliters.
Animals were fed every night from the time of capture except for those occasions, late in the study, when the effects of food deprivation were being examined. With the excep tion of some members of the February group, it was standard procedure to hand-feed all new captives one to several eyedroppers of the artificial diet prior to their release into flight cages at the field station and again after lengthy periods in transit. Those animals that exhibited the behavioral characteristics of estivation induced by food deprivation ( see below) on the subsequent day were hand-fed again at that time. 
Com oil
Polyoxyethylene sorbitan mono-oleate Isopentyl acetate 100.00 ml 2.97 ml 0.22 ml
ANIMAL SURVIVAL AND REPRODUCTION
The success achieved in adapting G. soricina to captivity is summarized in Tables 4 and 5 . The group of animals obtained in early February 1968 suffered a mortality of 31 per cent between the time of capture and their arrival at Cornell University. Another 16 per cent of the original total died during the first 2 months in captivity. Thereafter, the mortality rate decreased sharply. The July group· fared much better from the start. The mortality rate between capture and introduction into the laboratory colony was only 15 per cent and thereafter was extremely low.
There were too many potential variables to permit precise identification of the factors responsible for the improved success achieved with the second group. Changes in the diet and a more concerted effort to insure adequate food consumption by all animals when first introduced into captivity may have been of major significance.
The maintenance methods were conducive to continued reproductive activity. When females were to be bred, one to three males were added to a cage in which 15 to 20 females were already well established. The subsequent daily examination of vaginal smears for sperm revealed that 67 of the 71 females placed with males did mate. Eighty-five per cent of the matings occurred within 24 days and 98.6 per cent within 48 days after the introduction of males. Only 5.5 per cent of the matings took place within the first 7 days. Subsequent histological examination of the reproductive tracts from mated animals sacrificed between days 1 and 24 following copulation revealed that 58 of the 67 females were pregnant, possessing single, fertilized ova. The males utilized successfully as breeders had been maintained in captivity for from 13 to 18 months.
It was not the intent of this study to test the feasibility of rearing young G. soricina in the laboratory. However, 18 pregnancies were permitted to con tinue toward term. Of these, 13 ended in abortion and five in apparent term deliveries. Four mothers subsequently rejected infants, but one infant was successfully reared to adulthood. It should be noted that most of the repro ductive failures occurred prior to the formulation of the final, recommended diet.
The G. soricina maintained in this study did not lost their infestation of bat flies ( Streblidae). Other investigators ( Wimsatt and Guerriere, 1961; Green hall, 1965; Dickson and Green, 1970) working with related species noted the loss of ectoparasites within a short time after the introduction of bats into the laboratory. The survival and apparent breeding of the Streblidae in captivity may indicate that a closer approximation to the natural environment of the bats was achieved in this study.
ESTIVATION INDUCED BY FOOD DEPRIVATION
Previous work.-Until recently, little work of substance had been done with the thermoregulatory biology of members of the family Phyllostomatidae. It ..... co 1970 ) recently reported that many of the same species became hypothermic when exposed to a low TA· Field observations.-In the course of the present study, the entrances to a large abandoned building on Trinidad were blocked overnight on two different occasions in order to facilitate capture of G. soricina resident there. Examina tion of the animals on the morning after incarceration revealed that both the G. soricina and Carollia perspicillata inhabiting the structure were in torpor. Instead of taking to flight upon being approached, as normally would have been the case, the animals remained motionless. They could be picked off low portions of the ceiling and placed on their backs, but made no attempt to escape. Furthermore, all the animals of each species were gathered together into several tightly packed clusters. The TA on both occasions was estimated to have been between 21 °C and 27°C, and abundant water was available to the animals within the area of confinement. The bats appeared to recover completely when permitted to forage normally the subsequent night.
Laboratory procedures.-Further insight into this phenomenon was sought in the laboratory. Experimental animals consisted of 32 apparently healthy adult G. soricina that had been in captivity for 13 to 18 months. The animals were segregated by sex and housed four to six to a cage. In all cases, they were permitted to become accustomed to their cages for at least 2 weeks prior to the initiation of the thermoregulatory work.
Food was withheld from the entire colony on the nights of 12, 19, and 26 August, and 2, 9, and 10 September. On each occasion, tap water was provided in place of the normal diet. Determinations of body temperatures were made at 2 PM (that is, the middle of the daylight phase) on each of the days following food deprivation except for 27 August when a power failure between 10:30 AM and 7:00 PM precluded normal work with the animals. Because it was deemed undesirable to deprive only part of the colony on each occasion, con trol data were obtained from well-fed animals at 2 PM on 16, 23, and 30 Au gust, and on 6 and 13 September.
All measurements were made by the rectal insertion, to a depth of 15 milli meters, of a polyethylene-sheathed, 30-gauge, copper-constantan thermocouple connected to a Leeds and Northrup Millivolt Potentiometer. The thermocouple was calibrated against a standard thermometer.
For unknown reasons, the depth of torpor on a behavioral basis was defi nitely less in the laboratory than the field. The animals in the laboratory still possessed the ability to fly when disturbed. However, flight was lethargic and could not be sustained for long. Body temperatures were obtained frorn no more than three bats in each cage. Usually the first animal was grabbed while still roosting quietly, whereas the second and third were disturbed and may have flown briefly ( < 15 seconds ) .
A single female Vampyrops helleri ( family Phyllostomatidae ), housed sepa rately and in apparent good health after 18 months in the laboratory, was subjected to the same experimental regime.
Results.-The G. soricina subjected to food deprivation for one night had a T B ( mean ± SD ) of 33.9 ± 0.8 °C , which was significantly higher ( P < 0.01 ) than that of bats deprived for two nights in succession (33.0 ± l.6°C) ( Fig. 2 ) .
The T B of food-deprived animals was significantly lower ( P < 0.01 ) than that of normally-fed controls ( 37.2 ± 0.3 °C ) . The clustering reaction occurred in response to food deprivation in both the males and females. When animals had been fed well, males in particular demonstrated an aversion to roosting in close proximity to each other. Food deprived animals also exhibited a partial unfolding of the wings.
On four occasions, all of the estivating G. soricina within a cage were clus tered in the relatively well-illuminated feeding area. Customarily, animals that had been well fed were rarely noted hanging in this portion of the cage during daylight hours.
During the power failure, the food-deprived animals in the prematurely darkened animal room were checked at 2:00 PM and 4:00 PM. At both times they were clustered in the · roosting boxes and were lethargic. Assuming that they did not arouse and in the absence of food re-enter torpor, this would seem to suggest that the onset of darkness is not the stimulus for arousal.
When food was offered on the night subsequent to food deprivation, it was consumed normally and the animals were active on the following day.
After food deprivation, the single V. helleri also entered torpor and exhibited TB at 2 PM of 27.0, 32.2, 31.1, 29.1, and 28.5°C ( mean TB, 29.6 ± 2.1 °C ) . The last measurement was made after food had been withheld on two successive nights. In contrast, the body temperatures following normal feedings were 37.6, 37.1, 37.4, 36.8, and 37.7°C ( mean TB, 37.3 ± 0.4°C ) . On a behavioral basis, the V. helleri appeared to go deeper into torpor than did the G. soricina; the wings unfolded farther and the bat made no attempt to fly when ap proached, or even when prodded, and it emitted no audible noises. Following a night of normal feeding activities, the V. heUeri would take to flight when approached and made audible "clicks" when disturbed.
DISCUSSION
The work described above demonstrates that one of the American leaf nosed bats, G. soricina, can be introduced successfully into the laboratory and maintained for prolonged periods in apparent good health and breeding con dition. Results presented elsewhere ( Rasweiler, 1970 ) indicate that this spe cies may provide a much needed and low-cost animal model for the study of the biology of menstruation. Furthermore, the ease with which torpidity may be induced in G. soricina independent of seasonal factors and lengthy endoge nous rhythms suggests that it may be an interesting species in which to inves tigate aspects of the physiology of temperature regulation.
Observations of the ability of three phyllostomatid bats, G. soricina ( sub family Glossophaginae ) , C. perspicillata ( subfamily Carolliinae ) , and V. hel leri ( subfamily Stenoderminae ) to estivate conflict with previous conclusions that with the exception of the insectivorous Chilonycterinae ( now regarded as a separate family-Smith, 1972 ) , this family is composed of true homeotherms that never exhibit torpor ( Morrison and McNab, 1967; Carpenter and Graham, 1967; McNab, 1969 ) . Studier and Wilson (1970) did note hypothermia follow ing exposure to the cold in many of the same phyllostomatid species examined by Morrison and McNab ( 1967 ) and McNab ( 1969 ) . However, all of the animals utilized in the study of Studier and Wilson were used shortly after capture and, although they were provided with food, one cannot be certain that food consumption was adequate to insure normal thermoregulatory per formances, particularly under what must have been highly stressful conditions. Unfortunately, the study mentioned above and practically all previous stud ies of temperature regulation in bats have followed the time-honored ap proaches of measuring either daily TB cycles to detect diurnal torpor, or of assessing the ability of a species to maintain a high TB when exposed to a low TA ( Lyman, 1970 ) . Few studies have been directed toward specifically elucidating the effects of food deprivation. Arata and Jones ( 1967 ) did note that the T B of a single C. perspicillata dropped to 24°C following a fast of 24 hours and subsequently returned to a normal 34.5°C within 2 hours of a feeding.
That food consumption may significantly influence the thermoregulatory capability of a wider variety of bats is suggested by the ability of Myotis luci fugus ( family Vespertilionidae ) to maintain a high T B throughout much of the year when inactive or during cold stress, if they have been well fed (Stones and Wiebers, 1967 ) . This contrasts with the generally accepted belief that vespertilionids normally exhibit daily torpor and drop their T B when exposed to a low TA ( Lyman, 1970 ) . Similarly, other workers have concluded that food deprivation may be at least partially responsible for the thermolability exhib ited by the molossid bats, Tadarida brasiliensis niexicana ( Herreid, 1963 ) and Molossus molossus (McNab, 1969) . The pteropodid bat, Rousettus aegyptiacus, could not maintain a high T B in the cold when food-deprived ( Kulzer, 1965 ) .
The entrance into daily torpor after fasting also has been reported in several marsupials ( Godfrey, 1968 ) , a number of small rodents ( Hudson, 1967 ) , and hummingbirds ( Lasiewski, 1963 ) .
To be sure, the drop in T B noted in G. soricina in response to food depriva tion under laboratory conditions was moderate and of a lesser magnitude than is characteristic of daily torpor in the Vespertilionidae and Molossidae. How ever, the field observations for G. soricina and C. perspicillata indicate that the full response may not have been observed in the laboratory. Unfortunately, precise temperature data are unavailable for the field, but one must suspect that for some reason ( possibly differences in plane of nutrition, stressful stimuli, number of animals estivating together, TA, or area available for flight during confinement ) , the T B of the animals in the wild may have dropped farther, with a more marked inhibitory effect upon locomotor function. Work with other species ( Morrison, 1959 ; L ym an and Wimsatt, 1960; Stones and Wiebers, 1967 ) indicates that a T B of about 27 to 30°C is critical. Below that, coordination deteriorates rapidly and bats are unable to fly. The differences noted in the lab between T B and degree of lethargy in G. soricina and V. hel leri seem to be in agreement with this h yp othesis.
The observation of estivation induced by food deprivation in the Phyllostomat idae also calls into serious question the theory that the thermoregulatory biology of bats is correlated with differences in feeding habits ( McNab, 1969 ) . Unfortunately, this theory is based upon data from animals that may not have been in comparable physiological states due to differences in food consumption prior to the experiments and time available to recover from the trauma of capture, transport, and adjustment to the laboratory.
It is not unreasonable that food availability should have an important influ ence on thermoregulatory mechanisms in bats. Most are relatively small ani mals with high surface to volume ratios even when their vascularized wing and tail membranes are neglected. Furthermore, they do not hoard food and do not build nests that would provide thermal insulation, although their mo bility does permit them more ready access to a wide var iety of suitable micro habitats and facilitates clustering reactions, which can moderate heat loss. Therefore, many bats are likely to face some difficult ies in attempting to prevent heat loss and maintain a high TB when normal foraging activities are impossible.
Such a situation obviously exists during the winter months in the temperate zones. The conditions are severe enough ( for example, low TA and prolonged reduction in food availability ) to have provided the selective pressure for the development of anticipatory mechanisms, the deposition of abundant body fat, the selection of appropriate winter roosts, and entrance into deep torpor ( hibernation ) for example, which serve to extend metabolic reserves through the critical period. Some species have, of course, become migrators rat her than hibernators.
Comparable pressures, albeit of a much lesser magnitude, probably aff e ct the tropical species as well. Despite McNab's (1969) contention that insectivo rous and sanguivorous bats face more severe food access problems, there is no reason to believe that bats with other dietary habits are any less subject to occasional food shortages. Seasonal patterns in the flowering and fruiting of the forest ( Snow and Snow, 1964; Janzen, 1967; Snow, 1968; Smythe, 1970 ) could lead to periods of food insufficiency for the nectarivorous and frugivo rous species, and the onset of inclement weather ( for example, heavy rainfall or winds) may interfere with the normal foraging activities of many species. Finally, some bats f r equent or inhabit cooler microhabitats-for example, those existent at higher elevations in the tropics ( Tamsitt et al. , 1964 ; Arata and Jones, 1967 ) -where their abilities to extend metabolic reserves may occasion ally be tested. Under any of these circumstances, the ability to achieve a moderate level of metabolic economy by estivation would seem to have con siderable survival value and should not necessarily be considered a primitive f e ature.
Inasmuch as many, if not most, small bats may face thermoregulatory prob lems f or one or more of the reasons outlined above, pre v ious conclusions that homeothermy is characteristic of other families, for example, the Old World frugivorous Pteropodidae ( Bartholomew et al. , 1964; Kulzer, 1965 ) may be premature.
